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I It-iTRODUCTIO~ 

l.l The purpose of this report is to identify specific 
projects in energy recovery from agricultural residues in the 
Republic of the Sudan. The time set for this acti\it~ was one 
mc~t~. of which one week for home case work anc three weeks 
ir Januar: 1986 for field research. traveling. briefing and 
debriefing in tienna. ~n important part cf the field work ~as 
the collection of relevant reports and tne inter\iewing of 
persons invclved in th~ subjPct. It appears that there are 
se\eral reports concerni~g the enErg) situation in Sudan and 
tne utilisation of agricultural residues as an energ: resour­
ce. but tnat tne\ are not \er: well known to most of the 
people involved. 
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II SlJ1MAR' AND CONCLUSIONS 

2.1 The present report approaches matters of thermochemi­
cal biomass energy conversion in the Republic of the Sudan 
from two different sides, first the development of new re­
sources and secondl~ the improvement of conversion erficien­
cies. 

2.2 In orrjer 
lities, Chapter 
whole Sudan. It 

to ~sse~s the importance 
III reviews the energ) 

is concluded that in the 

of various possibi­
consumption in the 
fielo of efficiency 

improvement onl) measures in tne domestic sector 1
, mcluairig 

charcoal production fer house~olcs ma\ contribute substan­
tiall~ tc a solution for the problem of oeforestation. Pilot 
prcje:ts in biomass fueled industries mav strengthen this 
industrial sector. For th1s reason industrial implementation 
po~sibilities will be investigated as well. Finally, it is 
concluded that biom~ss based clternative fuels, whether allo­
cated to industry or households, can be of considerable 
importance with respect to a reduction of wood fuel consump­
tion. 

2.3 In Chapter IV the potent.ial contribution of various 
options is discussed. ~ew resources: It appears that grounj­
nut shells are only of minor sign1f1cance. Bagasse is more 
i:.::iorta:--.t. 7 ~~e ~c1 st. real1stic est;r.ct~ cf it$ cor·t:-_i.D•_1 :~·=i ... ~c, 

7uel l~ioac S&\ l:1r"! :s U.6-i. ~ ··r tcJ.eC: er sre~seo or .i..~,-:...:~' ~L 

...... _,,_,..I. •• :. :. ...... :: • ..._.t._' - ·- ._ . .:___....... ,.. - ·- - - • ~ .... 

CO~S:Cera~.e l~~Ortance. !~~fCleTe~~ cf C~r~onisatjQ• F:f1-

ClE'rtC\: :t :s concluded that a prog:ar.1rr<e to i111;:.iro'e UJrbor~i-: 
sation techniques in Sudan cannot contribute to sa,1ng of 
wood fuel. Domestic fuel wood consumption: In view of the 
necessary reduction of fuel wood consumption, the development 
of new resources is not enough. However, impro~ement of 
cooking efficiencies can contribute considerably to this 
coal. !rdustriaJ energ' consumct:o~: !t 1s s~o~n that the 
or1ck inaustr' and tne edible u1l industr' are the most 
~rcr.1ss1no sectors for more ecf1clent energ' use. 6efor£ t~e 

economic feasio1lit~ of impro\ements in the Orlck incustr~ 

22"· 'Je d.!s:ussed~ research 0:1 tilt:" s~;~aries~ b! ic...: r;,a~ lf";:: 
technclog' must De carried out. 

.... , /, 

'-·- Chapter discusses thf- state of the art 1 r1 the 
delelopme~t uf various new resour:es cctto~ stalks. baoassp 

t1or1 c~ ~r:-i::rcn~:-td cooksto\eS. j: jf cor1cllJdec t~.(.1t t~t: ~c~::;r:::·­

~1c fea~1b1l1t' of directl~ briouetting and rf comb1nPc car­
bon1sation'br1ouett1ng cotton stalks has not vet been su:f1-

c1er.tly stuc.ied . both tecnno.i.og:es r1ef:c :~ur::~ier re:~r'o~u. 

For the expected oagasSF? surplus. ,bc.lir:; lS ttw first ner:es­
sar' s~ep in case the bagasse is tc oe usec as a substitute 
for ~uel w<1oorJ or charcoal. Su1tab;e tecrv1c!iGQ1P!'. for t'l~, 

[lf(!Cf':'S3Hlg of Daga.;;~;e ex~st. n-.e "'1::>~.t o~'r:ict~\C· rJpt:w::· f:_.r 

t~e energetlc usr of groundnut s~~ils are c1re~t co~bust~or1 
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(in boiler furnaces and in cookstoves; or combustion after 
briquetting (in bakeries and in brick kilns). The feasibility 
of the briquetting technology is not considered in the pre­
sent report, but is treated extensivel) in Refs. lG and 23. 
Finally, it is concluded that projects aiming at intrcduction 
of more efficient charcoal stoves are in need of a strong 
impulse. especial!) with respect to the design of ar eff1-
c1ent and cheap model. 

2.~ In Chapter ll the economic feasibility of a oagasse 
baling plant at Guneid Sugar Factory and of cogenerati~g heat 
and power in cil mills is discussed. It is conclude~ that 
bagasse baling and subsequent sale to b1omdSS fuelec :~c~s­
tr:es is a profitable option. Bagasse bales can be de!Jvered 
1n Omaurman Industrial Area at competat1lE ?rices. :omparec 
tc incineration of the bagasse surplus. this option snows a 
pay-back ti~e of 0.74 yr. The option of installment of 2on­
densing turbo-gensets at the sugar factories and sale of 
surplus electricity to the grid, as proposed by a World 
Bank/UNDP mission (See Ref. 25), is still under considera­
tion. It is recommended to consider this option also in 
relation to the alternative of baga3se baling ~nd sale to 
wood fueled industries. The alternative of surplus electri­
city production may be more profitable but is certainly far 
more problematic from an organ1z1ng point of ~1ew. Due to 
~a~t of time during the sta~ in Sudan onl} gereral remarks 
ccnce~~1nc cooener2t1cn i~ c1! ~i!ls are ~ade. 

- c.~::-+- 2 :-'~ !~~ :'"":-'':"'_"".!?-::': ~:~ c -~:c .. ,..J 5·_~':'? ... r?.':'t':"'!"'- (..-.~ ~~,-,::c~i:=-

=~. i~C 2n: scile cf ~a~assr ~cilPs ~c tiornass fJe:e~ :~=~s­

t!" lP~. 
- Strengthen 

engineer mg 
experts'\. 

the current cookstove projects ~it~ mechanical 
capacity (combustion and industrial design 

- Continue research on the conditioning of 
w1th special attention to the design of a 
lasses briquette and a suitable croduction 

cot ten 
cotton 
process. 

stalks. 
coal/mo-

- Sta;t research c.f Suda 1ese jr .l~l-' rr.aK1rig tFcnnclog~ l:: o:-oer 
tc assess tne impGrtancs cf oot1ons for ;morolerne~t cf this 
sec~or. 

- Undertake ci feas1b1l1t' stud\ of cogenerat1cr, o• heat anc 
powve:- 1:- \·ege:able o:..1 1ndu:-:t:-.!es. 
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I II REtlEW OF ENERG) ~ONSUMP flON 

3.1 To get more insight into the importa~ce of various 
energy resources and ways of energy conservation, a review of 
energy consumption in the Sudan is given. _:i Table 3.1 the 
most r~cent estimates (1980 of the Ministr~ of Energ~ and 
Mining are presented. 85 % of the total energ~ consumption is 
in the for~ of wo8d, charcoal and other biomass, l~ ~ is in 
the form of petroleum products and l ~ in the form of hydro­
power. 

~aole :l.1 Tota: em~rqv consu1!!t1c;~ 1n lqeo tr tnr R!llul!l1: o• tl'tr S!.IHfl (10~ TOEll 

Secto~ ~~dra- &enzene/ ~P6 Kerosent 5aso1i C1ese: Furnace 
Oil 

llooc ChirCOi~ Dthei Ueqetitle 
pOtler Avgas Jet Fuel iiDIUS Oil 

Industrv 
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:,300.~ :.7b:.3 4C2.6 &.5 
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. u~ -

stoc~ \ O.iurne e:'. :.r1~. r12ticlr-.c.:l ~crest res=-i.J~CE. in l ... 1e Su::cJ~,. 

Based on ra~ao~ checks a World Ba~k:U\DP ~1ss1on estimates 
that the growrn12 stoc~ 1Glurr1e ir1 19BL VJCJS of the oroer of 
: • r,i9_ n11..i.11c:. .., r·,c:. '",'. 7r.t Cif,;tl--iC~_. d..:. .;.UVJU:-.lt:· cu:_ L'~::::.._. 

f'f->t.1'71c1t~rj et ......... 3 ~; . .::.l l..lor, IT1_J cr~:w~1:iu s .. _Gc ~:. ~J,.. :.~if C1thf'f hanu 
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total wood consumption in 1980 was 76 million m
3 

growin9 
stock which was mainly used as fuel wood: 71 million m 
(Ref. 18). This estimate of the Ministry of Energy and Mining 
is based on the assumption that the yield of charcoal making 
is only 17 % at averdge. However. recent measurements of 
traditional charcoal kilns show a much better performance, to 
a yield of aoout 30 % ~Ref. 11;. Real wood consumption ma\ 
t~erefore be substantiall~ lower. but is at least 50 million 
m-.yr growing stock volume. The f19ures in Table 3.2 sho~ 
that the total wood consumption is much higher than the 
allowable cut. On basis of the estimates by the Ministry of 
Energy and Mining the total wood consumption must be reduced 
b\ 42 ~ to equal the estim2ted allowable cut. 

-, ' Teib.ie 3. l shows that 8iJ ~. of the Suaanese enerc;: 
consumption is dor.•estic. 92 % of the energy used in house­
holds !S in the form of fuel wood or charcoal. One tnird of 
the energy used in ho~seholds is consumed as charcoal. In 
Table 3.2 estimates are given of the growing wood stock 
volume which is equivale~t to this consumption pattern. 

Table 3.2 Growing stock volume equivalent to annual wood fuel con­
sumption in sectors 

G~o~ina sto~k \CJ~~~ ecwi\a!e~t 
~-....... , ... c ~.r" .. ·, ----

"'- _, ""t ,_ ...) ~ - ..... '-' 

~U::: I [ 

Dorrie:stic fue1 
wood consumpt1on 3,366.9 23.'.:· 23. s 

Domestic charcoal 
consumption 1,763.3 44.l 24.2 

hdustrial fuel 
1·1:i~c consun-.pt 1 or··~ 95.9 r -w •. L.-; 

O:.ner sectors 
- fuel llJOOd 2 3. '? C.c c. t, 
- criarcoal 87.l ., ') J. 2 

-----------------------------------------------------4·---------------
TOT AL 5 397. l -; l. l 

----------------------------------------------r•----------------------

82sPd a~. •,::., ?, charcoal conl'e:-~1cir > "~~1c a~: r1f:'·8~:u:-ec 

Satti and Harlowe Dorr~ :Ref. l~ . 
-··:Crieirccel µrcJd0ctior1 1ndustrv e),c·ludeC. 
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From Table 3.2, however, it can be conciuded that charcoal 
making consumes a considerable 3moun: of energy. Depending on 
the avarage

6 
c!rbonisation yield (30-16.6 %1 it represents 

11.9-31.8 10 m growing stock per year. A conversion yield 
of 30 % must be considered as the maximum attainable. With a 
view to wood saving, charcoal production ma~ not be ignored. 

Biomass Fuele~ industries 

3.5 Compared to the domestic sector industr~ consumes 
only a minor quantity of fuel wood. Efficiencw improvements 
in this sector cannot contribute much to wood so,ing. On the 
otner hand a more efficient use of biomass fuels ma) help to 
strengthen lndi1.idual ir1dustries. 

3.6 
their 
3. 3): 
- the 

Industries which depend for a substantial part of 
energ~ consumption on biomass energy are (See Table 

- the 
- the 
- the 

sugar industry, 
vegetable oil industry, 
brick industry, 
bakeries. 

From these industries only the vegetable oil industry, brick 
industry and bakeries use fuel NOod. Chapter IV reports about 
alternative possibilities in those industries. 

Bakeries 0 c .•• 4.8 : 11 0 39.9 89 0 

'" ' 
10, ' '", 

Brick kilns 0 0' \ I 0 0' 37. 5 (100 01 '1 

10 ,I \ 10 j l(i/ 

Cement 4.8 (18 0' ' 21. 8 (82 0'' 0 0' ,. ) 10 / 1( } 

[J ' I a:-rc ssa~ 

,.,ncus:~" ; . 6 e r 23. t, ;.a 0 :::s. 6 7, 0 .. / ,, ... _ 

Suoar industr: 6. l !.:. 0 L.L. • 8 33 L 85.9 63 
,, ,, 1['. ( 

Text1je industn 9.7 '31 0'' 2l. 8 (69 0 

" 
0 0 

'" ' 
,, ,r 

Ct~':':'S 26.6 % " ~.2 I o, 
'" .. 

~C':,dl 
I - l rJf"'\ (" 

44. -I 

37. 5 

26.6 

,- . 6 -1 

l 3~. 6 

31. s 

27.8 
----------------------------------------------------------------------
~ . :_ou.:-~e: f::e f. le . . . l r . brCJckets: Sr.are cf tc~dl l r: ( 

('onclus.ion 

r.:.ss.ic.;r-1 cor1c.luces t::dt ur1..1. tnusf- f~ff°..LCJer1c~ 

measures' wh1cri are t.c:iker1 ir1 t~1!:' dornesl1c sect0r 
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(including charcoal production for households) may contribute 
substantially to a solution to the deforestation problem. 
Pilot pr8jects in biomass fueled industries may strengthen 
the industrial sector. Possibilities in this sector will be 
inv~stigated as well. Devel~pment of alternative fuels, 
whether alloc8ted to industrv or households. can be of consi­
derable importance with respect to a reduction of wood fuel 
cons~mption. 
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IV POTE~TIAL OF VARIOUS POSSIBLE IMPROVEMENTS IN THE ENERGY 
SECTOR 

IV.l Improvements with respect to a reduction of fuel wood con­
sumption 

4.1 lhe consumption of fuel wood can be reduced in three 
ways, viz. i) by developing alternative fuels, ii) by impro­
ving carbonisation efficiencies in traditional charcoal ma­
king and iii) by introducing a more efficient cookstove which 
is economical!} attractive for potential users. 

i'.ew resources 

4.2 In this chapter the availability of the following 
potential alternative fuels is considered: 
- cotton stalks, 
- bagasse and molasses, 
- groundnut shells. 

4.3 Several studies have been carried out to assess the 
annual amount of cotton stalks which is burnt on the fields 
for legal reasons (See Refs. 5, 6, 9, 23, 24'. These studies 
take more or less account of grazing and of use by the 
te~ants. ~ rel:atle es'1mete :s an annGal \~eld of 1.0 
:; i~l.C~· tc:-1 cct.t.0r1 ~:..2.:..~s. ,. v~- ~~ 1 t ~~v~::r ~1eeiL.~r·~ \.dlwe cf 
JC:.'l:JJ ..:~:~k~,th1s ;e::rese;t~ L'.3 iC 1u".: \r 2nc 15 eoc.;11alerit 
~0 2.l l2- mJ qrc~1~; stock ~oca per an,u~. 1h1s uctential 
~i2) reoiace 3-.:. c~ of anr1ua1 1rooc fuel cnnsu"1pt 2.0n See Table 

l.4 ca~e sugar is produced by 4 go~ernment-owned fac­
tories (at Asselaya, Guneid, ~ew Halfa and 5Pnnar. and by one 
private company (at Kenana). During the Mission's visit, the 
cane sugar rehabilitation programme (as referred to in Ref. 
25: was near completion. If it is successful an enormous 
ba~asse surplus will develop in the near future. Cane sugar 
factories use thFir bagasse for the purpose of cogenerating 
process stea~ and electr1c power. The latter 1s used fer mill 
p~wer and for irrig8t1on. Exceptions are Kenan2, which ex­
pcr:s electricit; tc \EC. and \el.'J Half2 w~11cr: does not need 
electr1c1t~ for irr1oat1on. Before the rehat1l1tation there 
was no bagasse surplus. exceot in \ew Halfa. Fer an estimate 
of the potential bagasse surplus. Kenana will be left out of 
account. 

of 8 repo;t. prepe;reo D\ ~erz and McLellaG P~~- 12 b\ croer 
of u·1e !'iir:1stry of t inance arid Economic F lar1r:ir.;;. H1 v;h1cr·1 
the feas1b1l1t~ of electr1cit) eAport b) the rane sugar 
factories to \EC is stud1ec. The s~ud] is basec! or. data 
p'.c;,18ed by iate anc l.)-'.e, Hi 8 report wr.1ct Jo, the bas1s cf 
the rehabilitation programme, and on data obtained dur1n~ 

f1eld 11 is1ts. Estimates of the potential bagc;sse surplus are 
::.ic.~,eo or1 ree:disl lC e;~sumpt~ons ccr1cerr11nq tt·1e \ ee;r i\ sugar 
proauct1on, the numuer of Slason da)s, the Joe;d factor of the 
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varioJs sugar factories and mean val~es for the fibre content 
of the cane. With an assumed mean fibre content of 15-19 %, 
the potential bagasse 1urplus in the government-owned fac­
tories is 200.4-434.3 10 t/yr (mcwb: 0.50). 

4.6 Wet bagasse (mcwb: 0.50, LHV: 7,400 kJ/kg 1 can be 
directly combusted to raise process steam and electric power. 
Combusted d1rectlty the above quoted bagasse~sur~lus repre­
sents a thermal energy amount of 35-71 10~ TOE/yr. This 
amount cannot be used entirely by the sugar factories. Sur­
plus power must be sold to the NEC grid. In this manner the 
bagasse does not replace fuel wood, but fuel oil and possi­
bly, if the generators are not run wisel). hydropower frow 
the NEC. The latter, of course, w8uld be a dissipation of 
resources. The ~EA staff told the Mission that the option to 
raise surplus electric power for export to the grid was not 
yet approved of. Since the rehabilitation programme is near 
completio~, a consideration of other options is very signifi­
c1nt. 

4.7 Other possibilities for processing the bagasse sur­
plus ar~· i) baling (mcwb: 0.20), ii) briquetting or pel­
leting (mcwb: O.OG) and iii) carbonisation. In all three ways 
the bagasse surplus may replace industrial and domestic fuel 
wood. The technical and economical fP.asibilit~ of these op­
tions is discussed i~ Chapters l and lI. 

-·~ ~~ cas~ c' ~a-1~; tne ~agasse. t~t 06~assE ~a~e~ ~r· 
: o rT;'.'L·io: 0. ::c,. ; :-·e ao t f'n:; Hd D&gciss e su rD i e; s reouce s w; th ;:, 
factor G.62 tn ~:~-2b~ 18~ t ,r. while tne LHL increases to 
~:..:,1::: ><J;Ko See .... rne> l • T~1erefore tne ;:_10tenti21 a~ou"t of 

~C'.'~CSe"~O~ ~\ ~E2c~ ~=::::~,~: .:. , - ("l[ , ,.,) 

. . . 
iCJ=, ·.r. v~i-j1cr-1 .!.S f:'qu~\.cle:-,t tc CJ.3l-C.6) ~~;·- rt-· g:·oL'.dfi; stc:c:~ 
wrod · per annum. This may replace 0.4-1.3 ~of the annua~ 

woe~ consumption. 

4.9 In case of briquetting or pelleting the Lagasse, th~ 

mcwb and conseq~ently the bagasse suro~us red~ce to 0.08 and 
107.8-233.7 10 t/yr respectively while the LHV increases to 
15.900 kJ/kg 'See An~ex l'. Bagasse briau~ttrs er pellets 
t~erefore re~rese~t a potential of 42-89 10/ TOE·\r, which is 
about the sa~e as for bagasse bales. 

~.lC In lq3G a bagasse caroon~sation crace~s wa~ de.e­
loped in Indc:11esia 'Ref. 22 . Jr, this p:-ocess cage;:.;se chc,r­
coal briquettes are made bv mixing uaoasse charcoal with 
rno~asses. The ~1eld Hi U-11s process js lOC kg br~quettes fro::. 
~70 kg bagasse ~~wt: 0.2J a~d 100 KO ~classes. Thp amou~t 
r' ~;';'l,JP~-~~~ t-,.-.~~ :-.rti:'>r~1::.. 1 '\ r·;1r• ~-.r..1 ,....,,.,,,..,,.....,,-..':,,-' ~r: ~I"-~ 1•·"" 

:· 1~1-lc.JC ic;·~ t 'r. .4~~sur.-119g tliF:' same ~H·. a~. f ~~ t'J:J·,Jd criarcc;eil 
t·.1'; re~resents 36<2 1c- TDC.. ,.r. Since tf-,~s fueli:rr,a_t. re~lc:ce 

cr1~rco;;l U1.1s amount is equndlent tu 0.)-l.b io-· m.) grDL>JHlg 
stotk 'wu~d w~1ch is 1.G-2.5 ~ of t~e 2rinual ~God fuEl 

4.],J Usual..L~ rnujetsses are not considt·red 8:.3 replacement 
fc1:- Vi1C.JJG fu:,1 (Ju:. l~1st_eo::.: CJ!-' a :r::sciur·cF: fc.! _ •.;1<:ir"!GJ t..ircc;u·:"-

LlCJ~,. e;rid tr1.Jo. i:IS hoiL ir1g ,, pc,+.ent1?.} fr_;: rep:au~~11er1t CJr 
' ' ' 



petroleum products. However, because of its importance iri the 
production of the above mentioned fuel briquettes (Sec also 
Chapter V), the availibility of molasses demands further 
consideration. At present molasses are hardly used in the 
Sudan. A negligible part is processed in the animal fodder 
industry. The rest is either dump~d or exported from Port 
Sudan against transportation cost. Assuming that the rehabi­
litation pro 1ramme as proposed by Tate and Lyle is success­
ful, the anruunt of molasses is 266,600 t/~r (Ref. 25'. If 
molasses are processed into fuel briquettes, its resulting 
moisture content can be estimated at 0.10 (mcwb). The corres­
ponding LH~ is estimat~d at 8,700 kJ/kg '.See Annex l~ and 
th~~ ~t represents 55 10 TOE/)r, which is equivalent tc C.~ 
10 m growing stock :wood:, or 0.5-0.8 ~of the ann~al wood 
fuel consumption. However, since tne ratio of molasses tc 
char~oal is a limiting factor, it is not likely that this 
entire potential can be used in a briquetting industr). 

4.12 Schmitt and Siemers (Ref. 23) present an extensive 
review of total production and availability of groundnut 
shells. Their sources are the Yearbooks of Agricultural Sta­
tistics (1974-1984) and the C.rrent Agricultural Statistics 
(1984) from the Ministry of Agriculture, some reports of the 
~ational Energy Administration (Refs. 13-17), as well as 
field visits. One of the conclusions is that groundnut pro­
duction is \er} unstable 'due to irregular rainfall and 
a~2:-2oa~:c~ oF cG:t~12led l2•c 2:id hos decreased cc·,s1-. ' 
dOGU':. .... 2: .. ~,:,C· ~ \~ at µ~eSE-:1~. S,.r~ce l~1lS decl.:..11e J.S r..21;.~~ 
aue tC• tne c:-ou;rt. the SiE-1i1:ic: Df:'rce:--i:oge, ~,r,ic'I vfo:: ao::.oJi: 
~) :c i· tiGGG seeiseins. .!.ncred5tC ~ ... -1 d::..1cn..;~ )-~ :c. lher~furt~ .:=r:. 
1--:-.r' ~ ,....,+ •.,o~o f"~ '::_'.;'P~ r-1T'~ .,o,......-..'?':'"' ~ ....... ~ .. _·;:: ~ C'~~~!n,-1,......, ·':" c:i-.n

1 
·
1 

., '7~ ' \ 

..__._... • .._,..._,L 

tl\r. il,notrier estimale Ref. 6 .;:1\'es a shell product1or1 2f 
300,000 t. ~r, but does not allow for the productior decrease 
over the last 10 years. In Ref. 28 a maximum secure shell 
supply of 176,000 t/yr is estimated. 

4.13 T~is amount, however, is not entirely available fo· 
d~\·elopme11t of a nevJ energy source. The reasori is that t~-­
s~ells ore e:dread)Partiy used as fuel. ~.e .. as boiler fuel 
J.r1 \egetatJle c:l rr:1lls. as ajc1~l\''? 1r. br1ck manufa:-t~r11g 
anc a1so for domestic cooking. Tnoug~ groundnut shells nave 
nc nutr1tionEl value. groundnut she!ls are also parti\ used 
as ada: tive tc animal fodder. H:iwe, e:-. v1':::.le assessJ ng ~·ie 

potential for the development of a new energ\ source. tnat 
part must be considered as economically competing with a fuel 
or basis nf groundn~t s~ells and cannct oe exc]~ded befcre­
- ::1,... .....:, •:nr-- r 1r·'""" ~ ~;:,\ '-'!"';Jn»C•-'". Tr,,::_:c ::~~f- ~,,.- :-P. !';t-'~'-- ~~t }-..~~c~-. ' 

I UC ... 

Hc1v:e1PI, frc~ figures prese:-1:2::; 1:- f-:of. ;:::; c'Jncerr1r1g ~ni: 

shell surplus in the rain fed areas. where snells are scarce­
~> u::;~c ei<: a~, aoci tne to foc:de:-. one m2\ cor1~:luc:e th<;t 
&s 1:--. tt.~ ~):af; r1f ~~ :r- ,T ~:; :·~. ~JC.J. :r·1e S~lel~ su:-·;.:~~s r.·:-: .. c--
1s potent1ally availabl~ for the development of a new fuel 
ca'' be estimated al about 70.CJCJG t. ·.r ,o:-, b3s:.s of t'1e ;:;rn-

lS 



stock (wood) p~r annum. It may replace 0.)-0.4 % of the 
annual wood fuel c0nsumption. 

l!!!E.rovement of traditional carbonisation efficiencv 

4.14 In Chapter III it is shown that the charcoal industr~ 
is an important consumer of energ\. Recent and cautious 
research (Ref. 11\ shows that the traditional Sudanese kilns 
ha\e a \er) high conversion eff1cienc\ of about 0.30 ·t·ieig': 
of charcoal vs. weight of wood fuel: weights on dr\ basis'. 
Therefore it is not likely that signifirant efficiency im­
provements in charcoal manufacturing can be realised. 

lmpro\ement cf domestic cuok1no eff1cienc\ 

4.15 In the domestic sector. fuel wood is oarticularlv 
used in rurJl areas, while charcoal is especial!) used in 

u·ban areas. At present no wood stoves are used in Sudan, 
instead wood fuel is used in simple open fires. From Table 
3.2 it can be concluded that 95 % of the fuel wood is con­
sumed in the domestic sector. Depending on the carbonisa~ion 
effic~ency, 51-65 % of this quantity is used in the form of 
chercoal. The National Energy Plar 1985-2000 (Ref. 20) shows 
that the charcoal demand will grow faster than the wood 
demand since urban growth will be faster than rural gro~th 
'The urb-1 population prefers char2oal rather than wood'. So. 
~r·~"~=~ c:. tht- rr1.::~·e~it. j:,:t· f._;~~:? E;:-e eq~~ll: i:::·:::-t2,..-t 
: ::: ~- ~ -·:::: :._ : ~ ~we .:. C :;J ~~ S ~·: .. C..: _... .:, :-- - : :-- Z :~ 2· e t: " ~ E :.., ~ ;__ ::. 

i- :.: i-. J e . 

i: tf-ie Sudari !:Jut. cont rar' t:- t",e common opl n!Cr' tn2t 2 
nor~a~ open fire has less than 6~ efficienc~ '.e.g. ~ef. 25 • 
research in other countries shows an average eff ic1e11cy of 
14% (Ref. 3). The traditional Sudanese charcoal stove is a 
simple square metal sto\e with a metal grid and open craft. 
This stove has an efficienc) of 18 ~(Ref. 7~. With improved 
cooksto~es these eff1cienc12s car nearl\ be doub!e~ 
t~us reducing the annual fue~ ~ooc consumpt10~ b' 
Ho~e1er. t~:s is a matter of the long term . 

'Pe f.: . 
--~' ; . 

.'.! • 1 'i ~rom Table ~.l conclusions 2oncern1no the imoortance 
of \ar1ous ne~ resources ma~ be drawn. Groundnut snel!s are 
ani. cf rr.1nor s11Jnifjcance. g8'Ja~f',e lS rn:;re lrlD:Jrta'·-/:. T11e 

hagasse is mixed with molasses. ~otent1all~ sa\1ng 3-~ ~ Gf 
t~e an~ua~ wood ~uel consumpt1or. ccttan stalks a:e 0~ ~o~~~-

u~~ r c1~, l ~ l r~r~s r :.an:t~. \.:; t~ : :1b ~~ tr dnspor ta!_ i ~J:--1 c.:c.,:. t .J.. ~) ~ 1~__.: 

considerec here. It w1ll depend on the production scaJF an~ 

r!IE\ bf' c;f cc.i~:s •e·ra::;le inf L..JE'~1c.E. 
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Table 4.1 Potential savings obtained by developping new 
resmirces 

Resource 

energy growing 
stock 

equivalent 

Potential sa\ing 

share of annual 
wood fuel 

consumption 

~ 103 TOE/yr; (103 "'3: r o 'i 
\ 10. 

Cotton stalKs 
Aagasse 
- bales 

- briquettes/pellets 

- charcoal (with 
molasses) 

Molasses 
Groundnut shells 

300 210G 3* _4•• 

41-86 310-650 0.4• -c.e• 
0.6••-i.3 ..... 

42-89 318-673 0.4* -0.8** 
0.6**-l.3*"* 

36-72 900* -1800+ 1.3* -2.5* 
500••-1000** l.0*"*-2.0** 

depending on mixing ratio in briquettes 
30 210 0.3* -0.4** 

-·:5asec o~ 3J ~ charcoal con\ers1on v1Eld as ~easurec b\ 
Qsma~ Satti anc Marlowe Dorr~ ~ef. 11 

~.18 From reliable investigations by Osman Satti and Mar­
lowe Dorre (Ref. 11) it may be concluded that a programme to 
improve carbonisation techniques in Sudan cannot contribute 
much to saving of wood fuel . 

.'.; .19 In ~iew of the necessar\ reduction of fuel weed con-
sum~t10G. tne de\elop~ent of ne~ resources is certai~~) not 
e'loug:.. Jrr.prc:J1·err1ent of cookir-i; e f"f1c1enc1es can contribute 
cons1de1a~l~. Pr1or1t) s~o~la be given to charcoal cook­
~tc\ e~ .. 

!\ .: [~erg' sa\1ng in biomass fueled industr\ 

~.20 ia~les 5.2 and 3.3 show that bakeries. brick k~lns 

c.r1d the 01~ and so<:ip ir1austr\ c.irE tht: or,l ~ imper tant bi~mass 
fueling industries. using about l ~ of the total Sudanese 
wood fuel ~o~sumpt1on. Poss:b1l1tles for futl sa\1ng in tnest 
lndustr1es and for potential u:1J1sal1on of agric~it~rc.i~ 

residue~ are in~estigated and comprehensivei\ discussed in a 
recent repo;t Ref. 23 , of which the importance is en1pha­
s JS flG. 

l'i 



4.21 Concerning traditional bakeries Schmitt and Siemers 
suggest the following possible improvements: 
- Reduction of the baking temperature and corresponding 

prolongation of the baking period, 
- Improvement of combustion efficiencies, 

Complete separation of combustion and baking chamber, 
- Testing cf alternative fuels from new resources. 
Since compared to modern efficient ovens the traditional 
Sudanese bakeries show a rather good efficiency, impro\ements 
may be expected to be of mi~or importance. Also the technical 
feas.ibili ty of these improvements is not yet known and should 
be tested bProre implementation. Besides, as man~ bakeries 
turn to electricity ana/or oil, it ma~ be doubted wether 
there is an economic incentive to implement the above men­
tioned improvements. 

4.22 The second important wood fuel consuming industry is 
brick manufacturing. The energy efficiency of the production 
~recess, if related to the amount of good quality bricks, is 
lo~. The reason is that a large share (up tc about 30 %) of 
the bricks is wasted, due to over- or under-burning and/or to 
poor quality of the green bricks. This industry can therefore 
be improved substantially. Every quality improvement of green 
bricks production leads to an improvement of energy efficien­
cy. An improvement of kiln construction and/or firing method 
in order to reduce the amount of under- and over-burnt 
bricks. however. miont eventual!\ lower the kiln energ\ pffi­
c1e112,. :t is poss1ole tne>c in tnis respect tne present Kilm:, 
are DP71~~~. Passib1lities fer imoro\e~ents sf k:!n cesig~ 

a~r ~ir1nc meth~d can onl\ De assess~d b\ means of a researcn 
progra~~e l~ ~hie~ the bri~ks are made fro~ a good ~1xture cf 

sio~_\. Such a s~ud~ has not )Et been underta~en. 

4.23 011 mills need process heat and power. Power is 
usually generated by diesel gensets or taken from the grid. 
The installed power ranges from 20-200 kW, depending on mill 
size. Process steam is raised in steam boilers fueled with 
wood or agricultural residues re.g. groundnut shells\ or with 
fuel cil. Saturated stearr pressures range from 3-6 bar. 
Unfortunately there are no data available on processing capa­
c1t1es and on process heat and power consumption in this 
sector. General energy consumption figures for the 011 and 
soar lndustr\ 'Rer. JB' indic:o:e thet it is oossi:ile tc bnr1(j 
heal ano power generaton in tune in a cogenerat1ng steam 
plant. Sudanese oil mills which cogenerate their energ\ need 
ere not knrnNn to the Mission. nor ::ire they ment10ned in 
rele\ant l~terature (See Ref.23 . 

Conc· i us ion 

4.24 The brick industry and the edible oil industrv are 
the most promissing sectors for energ' use impro~ernents. 
Before the economic feasib~l1ty of improvements in tne b1ick 
lndustrv can be discussed, research on the Sudanes~ brick 
making te~nnGlogy must be carried out. The economic fees101-
Lt) cf cogenerc1t1on H1 tne "'d1bie G~i inaustr~, r1us7 hP 
furthn 1'11esl1gated See C.he;pter \l,. 
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V STATE OF THE ART AND FUTURE DEVELOPMENTS IN BIOMASS ENERGY II\ 
SUDA!\ 

5.1 In this chapter 
projects are reviewed. 
are indicated. 

results of past researct1 and present 
Also necessary and possible dev8lopments 

\.' .1 Direct use and condi t1oning of fuels frorr r,t'.,.. resources 

Cotton stalks 

5.2 T.1e use of CLtton stalks nas ueer. t.he 
se~eral technical and/or economical studie~. The 
options have ueen considered: 

object of 
following 

- dirPct combustion in power plants uur1ng the harvesting 
season (Ref. 24), 

- briquetting (Refs. 6, 24), 
- qasification (Ref. 6), 
- carb11nisation, whether or not combined with b·,· iquet ting of 

the charcoal (Refs. 4, 5. 6, 8, 9, 26). 

5.3 Ref. ~4 presents a system for lerge-scale collection, 
tr2nspcrt and handling of cotton stalks from the Gezira 
s2he~e. c~i~~ed :n t~E field and :rans~~:::-red :o a ~~ M~ po~er 

~~= ~ ~~ 2:::-e 2!CC ::::-eseMt~J. Q~e cf ~hp ::~C~~S!C~S iS th2~ 

:::-:Jer ae:.erat:icn '!'o:r, 2.-1.:..or~c ccir:tori s~.2]
1

-~ .:s n0: ecc10~1-

:-2 •• " 'eas::.tle. 

~he ecor.8 ..... lC .f"eas.J.LJ.l.J.t\ or C; le:-~:.: scc~e ~.!:·.:.c·~Je~t1n;; 

fac:c:::-' 1::= d.iscussec rn Ref. 2.4. The :::-epo:::-t describes 2 

briquetting factor} 1rJ1~h a cai:iac +-.y cif 120.00C t, :,.r, corres­
ponding to an area of ~S,000 reddans. The esL1~ated cost of 
cotton stalks briquettes, not includina storage of the bri­
quettes, is ab0ut 30~ too high to be competiti~e with gaso1l 
fuel for st..,,i:im ra1s:!.ng ir iJOWer plants. Caiculations in Ref. 
6 c' the costs of cotton stalks briqu_t~ing show that it can 
be compet1~1~e with the price cf carbonised c8tto~ sta:ks. 

c c The prop£r d1rct-'iriq'-1et•.mg t.ecn-iclog~ ha::; not v 0
• 

bee~ es~ablished. Ref. l rec0mmend5 2 series cf ~ests w1t~ a 
;:,1stor: press to ~nvestigatc the \ciflOL.> sc1e:-1tif1c aspects 
c-onci:>rn1ng thf' pryt0-~a11itarian prob}!'"'~. The \ationaJ Coun­
cil of Researcr .in U1ar~ourr. has <icqLire:::l a hvdraulic pist )n 
rrPss. Establishment of a pilot plant fr;: ~irect br1q0ett1n~ 

p1lot clant ~ffers the poss.ibJ.ilt~ to stuJ• 
proti, ,..,ms in the wt1ole s:stem c-s well -35 the 
:on:ro~ ~ro~!ars. 

t"e oractic<d 
ph\to-san1tar1an 

5.6 Ref. 6 r·epcrts that o~ly a flu1d1sed bed gas1f1er ]S 

suitat1e for gas~f1cat1on of cotton stalks. 1n1s process is 
lE'Cn<;lCCl .. J v 

r<:1•1ge of 
cor.pJe)., It 1$ ecc,nom1:·~JJ\ 'ea<;.:t,}f· 

2)[l Kv; or•C aoc.1 p. :,uch ci ur1~ t need~ 8 
e 
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shredded stalks and is, due to the high cost of transport and 
storage! not a suitable solution. 

5.7 A reliable technology to meet the phyto-sanitarian 
reyuirements is carbonisation. Estinates concerning economi­
cally feasible scales are made in Refs. 4, 5, 6, 9, 26. 
Because of high transportation cost! centralised carbonisa­
tion results in high cotton coal oroduct1on cost. Large-scale 
carbonisation is unable t~ produce a charcoal which is compe­
titive with charcoal from wood. Refs. 4, 5 and 26 conclude 
that small-scale on-the-field carbonisation of cotton stalks 
is economically fe8sible. 

5.8 Ref. 5 discusses some designs of simple kilns suit­
able for the caroonisatio~ of cotton stalks. Hooe ana Zorge 
IRef. 261 present the design of a new k1l~ and its performan­
ce in the first trial runs. From the Mission's \isits to the 
technicians involved in these projects it appears that these 
technologies are promissing with respect to carbonisation 
efficiency (30 % has been reached) and quality. 

5.9 Though the carbonisation qualit) is good! the quality 
of the produced charcoal causes some problems for transport 
and combustion in cookstoves. The charcoal is very crisp, 
light and probably more reactive than charcoal from wood, due 
too a larger micro-porosity. Transport is difficult, leading 
tc an unacc:-e;:1~2~.l\ l2rae s~are cf fines. O:i a2ccu;it of trir-
.... o"·· den3..:.L_ ... J.:_ ~~ .ir..~0s~1::::~e t.e; ;:>..;~ E·~,:. ..... g;--. fu2..:. ,;.:. a csr1\..E':·­
t1CJn<d coovs:c, .. e. ~·nmti~st1on conditions. ar1c conseGueritl\ thP 
role of react1\~~\. in charcoal sto\es are not \et unaerstooc 
~e~l. ~ fact is t~at tn~ cnarcoal tro~ cotton stalks burris 

:c;181tioneG. \:..::. briquE:.teC~ to mee: :'-:p ;--pau1re~1e!""'its 

trans~ort and use in cooksto~es. 

-. 
c)· 

5.10 When the Mission visited the projects involved in the 
development of cotton charcoal briquetting processes, it 
appeared that the influence of reactivity l.'Jas not yet recog­
nised and d1st1nguished from the influence of density. All 
present research is aimed at producing charcoal briquettes of 
su~f1cient strength and dens1t>. Ref. S aescribes a simple 
charcoal br1~uetting cress !that can be produced in a \l 1 lage 
workshop wh1cn 1s alleged to be the most appropriate de\ ice 
for on-the-fieid briauetting cf carbonised cotton stalks. In 
a research prcJect frorr ERC and SREP a c1stan briquetting 
press IS being develoced 'Ref. Bi. However. the Mission hclds 
the opinion that pressing alone cannot affect the micro­
porcs1ty and thus red~ce the reacti\lt\. 

~.!l basec o~ labor~torium tests oerfcrmed ~\ STC 'TwentF 
~Jrii\ers1l:,. of Teciinulug\ U-1e Mission expect$ that the reeic­
t1\1t~ of tne cotton stalks charcoal can be reduced and the 
dens!t~ 1ncreasec suffic1entl~ b~ ffii\ing t~e char w1th can~ 

sugar mclasses. lro <> br~quet!:.e wtucr. car, be formed frorr• t'1e 
ground char the molasses serve as a binder as well. The 
technol:::ig~ 1s not vet fully developed. Proper molasses.1char­
u,ci" :·c.l.10~ rr,~st De cissesscd aria;:, prouuc~.;o~. prucE·ss must. bl. 
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developed. in Chapter III the availibility of molasses is 
discussed. 

Bagasse 

5.12 oaling bagasse is a usual technology, practised ~~ 

man\ cane sugar producing countries. Factories ha\e a chcl~ 
between incinerating without making use of its er.e::· :_L 
value and baling their surplus i~ order to store it a~c ~se 

it later. In Sudan only the sugar factories at Ser:nar and 
AEselaya have bagasse balers, though at present this equip­
ment is not used. Tc assess the fuel auality the volume 
ratio and the weight ratio of bagasse bales versus wonc of 
the same heat content are calculated. For t~o bale tvoes. 
densities of respectively 355 and 555 kg.·mJ are reported 
'Ref. 22, recalculated to mcwb 0.20'. Th~ LHV of the b81Es 
is 13,510 kJ/kg. That of3Acasia fuel wood is 18,000 kJ/kg and 
its density is 800 kg/m (Ref. 11). Fro~ the~e values it 
appears that, with the s~me heat content, 1 m of fuel wood 
corresponds to 1.9-3.0 m of bagasse bales and that 1 kg of 
wood corresponds to 1.33 kg of bagasse bales. On dry basis 
the volatile matter content of wood and bagasse bales are 
about the same. Because these values do not differ too much, 
industrial furnaces can be loaded sufficiently when fueling 
bagasse bales. For this reason the Mission expects that 
bagasse b3les of proper size are an excellent replacement of 
~o~~ f~~l ln inaus~rial fu~naces. ~lth~~t caus:n~ a n~ec fer 
rP~rcf 1 t:..iric. 
:::2\ ?·~·~·-.SQ~ 

~\Dlcal Da11nc s!zes are: ~~~xj6C~~1C ~~ anc 
~~ . 1 ~Ese s:~es ~~~ :~~ ~:: 'er ~ir~=~ :~ 0 ~:r~ - -

r:-' i,.-1d'Js':.:-12~ fL 1 rnace£. v~.:.tr t~~ Scles. !f the su~?.r t:"n:t:i!'1es 

de:ic~ ~2 ~aKe b8gasse 2i21:a:le fer a~p-~a~:e l~ \ar:o~s 
.- -· . ~ 

...... - . - ...... 

a" o:l 
~ill l~ Omd~r~an '.~~ FAD~ G:L I\8JSTR!ES conrirnec t~­

w1llingness of the owner to replace fuel w~od b) bagasse 
bales. He had tried to fuel his process steam boiler with 
unprocessed bagasse, which lead to handling problems only. 

5.13 The Forestry Administration and the FAD department in 
Vhertou~. in cooperation ~ith 2 French co~~an. CE~P . de.e­
looed two t'pes of a bagasse molasses cr1auette. o,e From 
er led arid o~e fro~ carbon1sec bacasse Ref. .:.. , . ~~ c r;.c,1r 

eouipmen~ usec: ar~ a manual p~ess a:-id. for the ce:rtior1!sec 
~r1c~ette~. a 7 m kil~. Tn~ tr1auettes ~30E fr~r ~n:a~­

bonised bagasse a.~ a ~uitaLle replacement of wooc fuel. 
wherea£ the briquettes ~ade frc~ car~o~ised bagasse ~2\ w~ll 
reciace charcoal. Results concern1n~ acce2tabilit\ anc per­
formance in do~estic use ar~ sat:sfactc~ . The t::cu~tle~ 
~ (, . r ~ - .. 

n-,f' .... 1 t l";&s c~nce:itrate~ a~ \eL·: I-'.;~~ 'c Si,..;:_;2:- fdr:tor\. L·~""':~c~~. 

Defore the rehabil1tat1on. was tne onl' factor\ with a D&~as­
se surplus. The Dagasse surnlus at \ew HaJfa was Da!tl' 
f~rmer.:.ec aria dr 1ed. ;.. large sr.are of thE bagasse usPG in the 
mC:tnu'ac:turt:· of U-1e uncarbor.1sed-t•a::iasst-· Dnquettes 1·rns iror:-. 
this ur~ stock. since this moter1al ga1e the strongest 
Dr1ouettes. In case in the near future baoasse·mcia~JPS 

or1quette:=. are to be proauced cit eerie:- suc1ar factor1r:-s ~.·1tr• 

a~ffer ~ng co:1cit1ccis. the process r;;ust be adapterJ acco:·d.ir.g-
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ly. Espe. ially the possibility to use baled ba9asse (mcwb 
0.20) must be tested, since this is the most likely condition 
in which the bagasse can be made available. 

5.14 Direct briquetting or peletting 
is not a commonly ap~lied technology. 
cost of bagasse bales are high, baling 
native. 

Groundnutshells 

of pre-dried bagasse 
Even though storage 
is the cheaper alter-

5.15 In the rain fed areas a recent development is the use 
of the groundnut shells in oil mill boilers for generation of 
process steam. The shift from wood fuel to shells 1s enforced 
b~ rising fuel wood prices. The handling and combust1or, 
performance of the shells is quite different from fuel wocd 
but causes little problems. 

5.16 At some places groundnut shells are combusted di­
rectly in a cookstove of a special design. A sketch is pre­
sented in Figure l (See Annex 2;. The combustion takes place 
in the inner vertical channel. This channei is formed around 
a stick which during loading is placed in the center of the 
~tove and after loading is removed. The body is shaped in 
~ne ~orm of a bucket with an opening at the bottom. 

~s rne fuei cnaracter1st:cs cf crouncnut sne1l tr1o~e:res are 

8: _;,1:t~, co~cerr.:ng tne ecc1"""'i0:-. .:ca.t fedS.2.bl~it; of su:r-1 c r.-ru­
ject since Ref. 23 states that groundnut shell briquettes are 
too expensive in comparison to fuel wood. 

5.18 To produce a substitute for charcoal from wood, 
·:See 

t '~ r. 
groundnut shells can be carbonised in a Herreshcf f kiln 
Ref. 6 . the smallest of which has a capacity of 50.000 
~1s a-~u~t is of the order cf t~e total Sudanese c~ou~8~u: 

shell surolus SeP ~haoter :\ ·. Groundnut shells carso~~sa­

t 1u lS therefore n0t a likel> de\eloprrent. 

<:.. 'c 
, . -
of a 

m:l l. 

-~J..;g:: ~E·;-. l i~\'es:io::t.e~ the eco~ar:--. .:..221 •eas~~-:.~ ... t: 
f Li1ci1sed bed grounonut ~:nells gas1 f ~cauon plc:irit fer 
~eat and electric po~er su~~2) t~ a ;roun~-~t 

flu1d1sed oasif1cation of oroundnut shells Jc nnt al - -

- - . - ·-
_ _,' .J - ~"J '._ ~ - :: 

t-to~·rr.c.r-. c8s1f.ic2t1or1 J~ nc:t ~~e r.,ast CHJp!":;pr~ate ~P~~-,~:,::J~~~ 

for tnese indust n es : See Chaote r \l . 

\.2 Cnarcoal sto\e projects 

c •1,·, 1 · _ .... 
stcirted 

I 

Jr, 1983 the ~u8ar1 f(enevJablE E_nerg\ PrnJeC'. ~,;c~'-

8 sto~e ~roJ~Ct to commerc1ally de\elop and Olsseffi1-
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n~te a stove designed by the University of Khartoum and Afhad 
College for Women, the Canun-el-Duga. T~o versions of this 
new design, an open-draft model and a controlled-draft model 
are schP~atically shown in Figure 2 (See Annex 21. The advan­
tages of this new design are (Ref. 7) : 
- Its efficiency is about 25 %, which is approximatel) 39 % 

better than the traditional metal stove. 
- In contrast with traditional stoves, the stove accepts 

charcoal fines. 
- It is easy to use. 
- The cooking time is decre3sed. 
The current dis,emination rate is about 850 stoves oer month, 
wnic~. in ~1ew of the necessary reduction of fuel wood con­
sumot1on, is not mu~h '.See Chapter r~·. 

5.21 The reason of this slo11• implementation is probabl~ 
the high production cost of the Canun-el-Duga. The price of a 
Canun-el-Duga is about LS 15, whereas a traditional stove 
costs only about LS 3. This problem is clearly recognised in 
Ref. 8. Still, the report expects that further progress in 
dissemination of these improved char~oal stoves can be 1o1ade 
by better understanding of the market and improvements in 
production te~hnique. Apparently. the design is considered 
adequate fro~ a technological point of view. For the dissemi­
nation of the new stoves the RERI formed a Technolog~ Deve­
- ~~rnent and D1sseminat:o~ Unit. 

-
~~:J"· ;-1tt.ed li: u me:e:l r.ous.:ng ,,See F1gure ). ~.:v1e>. 2. The 

l.3 CONCLUSIONS 

\ew resources 

CJ :-"PC't 

Sh:JL!ld 

~s to thf use c' cotton stalks the twc options of 
briquetting and of combined carbonisation br1auett1ng 

be further e~aluated. Both technGlog1es neerl further 
researcn. 7he expectec D~~asse surpl~s mJst be ~~l~~ as a 
first ste~ to use bagasse as a substitute for fuel wood or 
c:horcGc~. T~1e ecc;ioniiccl ·\..iabil:t:~ of beil1r.9 anC fu:-tht·:­
prc-cessing needs further stud~. Suitable tecrinolog1e~ fo: th!: 
further orocess1ng of bagasse 2~1st. ~he ~"st attract;1e 

c:)r:.::~::t1a:-- :_;1 bo.i.ier ·~:--r-'.dCe!:: er Jr1 cookstr1P:=- a:1~ C'JrT',:;l~~-

t1an arter briquetting . ·~ bakeries or brick kilns . 

~-2~ The projec~s tr,1ng to introduce mere pff1c1ent 
ch2rco;:,J sto1'PS arr- 1n nPPd of a strono 1mpul sf·. eSDPC'1a1 l' 
~·~~t~j rP~~~)e:-t to the 

1

des1qn of an eff1c1ent 8nd crieau rnorlel. 
I • 
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VI THE ECONOMICAL FEASIBILITY OF SOME NEW PROJECTS 

6.1 In this chapter the feasibility of a bagasse baling 
plant is discussed. A pre-feasibilit} stud) of cotton 
coalimalasses briquette production is current!~ be1~g pre­
parec Ref. 2~. Finally, some short remarks are made concer­
ning ~Jgeneration i~ oil mills. 

\I.l BagasEe conditioning at Guneid sugar factor\' 

6.2 It is expected that in the near future tne bagasse 
surplus will become a se~ere problem for the suoar factories 
:see Chapter ll). ihe factories have a choice to either 
install incinerators, to bale and sell the bagasse or to 
produce ~Jrplus electricity and sell this to NEC. The sale of 
electricity requires a large investment and is not likely to 
be realised at short notice (See Chapter IV). Merz and 
Mclellan (Ref. 23) did not consider the sale of bagasse bales 
to industry. For this reason the incinerating and baling 
options will be reconsidered here. 

t.3 This stud~ is set up as a case stuc~ for G~neio Sugar 
23 \':!th 

.... 1...'.:. - : ": 

8aoasse incin~ration cost 

6.4 Cost incinerating bagasse decreases with lower 
inci~-~ation capacities. Storage of a certain amount of ba­
gasse, and incineration during an accordingly longer period 
~n srr.aller ~.1c1nerators ma~ therefcre be i:::of:~able. It 
s:-10..;ld be not EC, hovJE \er. that sto:,age -neeas ir;,;::ior ant H•-
\ es :mc- :.s Selt come,:J:-s. bulld:::ize:--s. tra1~f::-s. st.oraoe 
area and also calls for operating costs. Aoeouate siz~n~ of 
::1::-::rieratr;r capac1t\ is therefcre a rr:&ttf- c' c;:.::1,..:zat~::ir,. 

~he two e>.treme cases of i smallest possic1e ir1c1neratior1 
caoa::::t' cc~bine~ ~ith large storagP fa~1l::t1ec and :::: in­
r ir1erc.tior1 capaci t' accord:no to the ave:age "'"rolus baaasse 
~-,r:::--J .. ::tie>:1. w.:11 be ccnsioPred here. The s,tcra:.Je \ClJme 1s 

• ·,c_:l·: H2 i f3 J s t ~at bc.c::::ssFC 
~~sEing or covering for a few 
2C5 dR\Sl\'f, 1t 1s assumed 

11'.l." ••••• '. -, ~_, :.:: : _.. C - I~ ·-

pr::.-
rriontns. i he seasor, be 1 no abowt 
1n this stud\ that t~e -entire 

, I -r ,r 
haoeisse surplus car• bf' burr1:. du: inq t~t: 11JhGJ e , ec.r. the 
n:Jrr,:_ie

1

; of annual wor1<.1nc davs is -set at 3GG 02,'s vr the 
"1Pede

1

d storage and inciner~tor, capac1 tiesare "'0. )QC' 't ,, at end 
:-:-f cr:o;-; and 210 t·i:;!a' :-espect11ei,. Bagasse as 'producec 
oe~:s.:.,ty , 1s {6C: k(j rr,·. T~1erfiore,r, storrioe c,f t:i.:" 'arr.ou:1t cf 
bacasse needs an area of 2~,6C~ m~ 1Baga~se 

1

p1leo-J~ le ~ ~ 
' I I I I I 

II 
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height). Bagasse handling can be carrieg out by one bulldozer 
and a tractor with thre~ 6 x 2.45 x 2 m trai~ers. The area 
must be prepared with a concrete f)oor and walls. From the 
overview of investment costs (Table 6.1) it can be concluded 
that both options will be almost equal in their economic 
performance. n.e mcst simple solutior1, viz. incineration 
without storage, will be taken as a reference for evaluation 
of ~nstalling and operating a bagasse baling plant. Cost per 
ton incinerated bagasse rmounts to 6.45 US$/t, see Table 6.2. 

Table 6.1 11'1'.iestrrent ~ arnal.ized ccsts of a~ ircineratiCf'l plcnt at G.reid ~Factory, 
Syster A: With stor-ag:o capacity, irciner-dtiCT' ~it~ 26 tthr: S~'Star. 6: Wittu.Jt storag= 
cc:pacit~. irc1neraticn cq:a::ity 40 l"hr. 

Cost item Systar. ;:. Syster. 8 

Lifetine Irr.iestrrmt krualized* Lifetine Investnmt trn..alized* 
(yr) cn:;t (US$) ccst (US$/yr) (yr) ccst (US$) cn:;t (US$/yr) 

25 1,925,CIIJ 279,827 Ircine~r-
Xl, !DJ m S~q area 
(a 10 US$/m ' 

30 300,CIIJ 
212,075 
31.824 

l &J'.l±zer 1 '1 50.CJil ;:; .,-i:-
......... I 

------------------------------- -- - ----

Bagasse baling cost 

6.5 The bagasse baling capacity is determined under the 
assumption that baling on an as produc~d basis is the ~heap­
est soiut~on. name!\, ~G l ~r. Storage must be assured fat 
t~G mont~. During this period the bales cir\. s~bsequentl\ 
l~e\ are tranEported and scld. 1wG month storage corres~o~ds 
to a storage capacity of 18.037 t. The b8les are piled-up tn 
8- ne1qnt r·f 9 m H1 stacks of 2L " 37 m on an ere·, uf 13. "/3u 
m) : Includrng room for clairr.ing ar.c reclairr:i.-.g:. \ecessar: e­
quipment and its cost is ment1onea ln iable 6.3. In laDJe 6.4 
cost u·,r t oaled bagasse .ti ceilcul8tec, ciz. 3.32 US$, t 'rncwb 
L . ~ r_; • ::. ,. t"' r c :- \ i;-, 'J t h c a 0 

, c; ~J .-, t c f t, all ei s s P r Pd ~1 :: e ~ l': , : r· 2 

'.. -, '-1 '-"~~ t IT1C\!Jb G. 20 . 
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Table 6.2 Annual costs of a bagasse incinerating plant (Ca­
pacity: 40 t bagasse per hr) at Guneid Sugar Facto­
ry. 

Cost item 

Annualized capital cost 

Annual operating cost* 
- manpower: 

3 man yEar (unsk~lled)•• 

- ma1ntenace and repair 
,5 % of investment per yr1 

TOTAL 

Co[t per t bagasse (US$/t) 

Annual cost (US$/yr) 

279,827 

548 
127. 000 

407,375 

6.45 

*: Feeding system power consumption excluded (Own genera­
tion). 

**: Unskilled-labour cost: 0.9 US$/day, 203 day/yr. 

T +- ~ ·- l. ,..!. 

Baler 10 240,000 23,598 
Building

2 
30 .:::20,000 23,337 

13,730 rn Storaoe area 30 137' 300 14.565 
<a 10 ~5$/mL) ~ 
l Bc;lldcizer 10 SC,000 8.137 
1 :rdct.or L"~~ tr1 3 trc;1.i.ers ' r· 21. O'.iG 3. ~:t) J. -.: 

TCT;L 668,350 '73,Cit-3 

·: J~oer the assu:npt1on cf a f ned disco• •t rate of lC ~o ::- r. 

r ~ ,. ... ,- • ...... - ,... ,-- • _,, ~ 'r'... • ,., ...... 

~ ~ . - c:. ~ ~ 

6.o 1he wood fue~ co:-1surno~1ori iri Knarloum Prm Hice H1 

1984 was 161,610 l/yr (3.27 10~ ... kJ1\f, see Ref. 21. fhe 
bagasse surp~us at G: .. me1d Suga: Factory is expected to arr.our,t 
tu J.62 x 63.l3u t 'mcwt, CJ.~<J <..r = 39,141 t dr; .moJ~ C.:'.O 
bagasse bales per yeail ~ith a LH\ of 13,500 kJlkg, tn1s 
corrPsponds to 5.28 10 kJ. yr. wh1ch is 16 ~ of the fuel 
L'J::JDcJ E'ntrg1 c~ir1sumpt1cin l'· lr1f' r:ri<Jrtuurr; ~ro1.1nce 1ndus~r1c·s. 

for cCJr1\·er11ence the econorruc perforrn<:ince of ;:i bagasse tjC>lF1g 
I 
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plant will be related to the deliverance of bagasse bales at 
Omdurman industrial area. 

Table 6.4 Annual costs of a bagasse baling plant (Capacity: 
40 t bagasse per hr) at Guneid Sugar Factory. 

Cost item Annual cost (US$,'yr\ 

Annualized capital cost 

Annual operating cost* 
- baling wire 

labour:** 
skilled (4 man yr) 
unskilled (2 man yr) 
maintenace and repair 
(5 % of investment per yr) 
diesel fuel*** 

TOTAL 

73,063 

9L.,695 

1,462 
365 

33,418 

3,756 

206,759 

-------------------------------------------------------------
Cost per t baga~se baled (US$/t, mcwb O.so: 
Cost per t bagasse baled '.US$!t, mcwb 0.20: 

[..1.t:~·i:.r ..;.:.. pc.i~\~f cons...;m;:it1c.~ 1 e\c ..._uceo :J1:.r1 ~e;-1erot1G~; 

~.v:~~ed-:aci::•.Jr cost: lJ: i..;:::~ Co\. ?C_i~ da' '\f, 

Uns~illed-laoour cost: 0.9 US$ d2,, 
Ul">f.t:·' f~el cost set &t c·.~~ :is:t·l. 

203 d2\ '\'f, 

Delivered cost of bagasse bales in Omdurman 

3,28 
5.28 

6.7 The distance from Guneid Sugar Factory to Omdurman 
Industrial Area is 138 km. The c~ndi~ion of the roads between 
the factory and Omdurman is excellent. Cargo transport costs 
b~ lorry deoend on a large number of factors, among them 
,aria~le costs like repair anc maintenance. tires, fuel and 
luhr1cants. which are usuall~ calculated o~ a per kilom"'ter 
basis. as well as fixed rests es capital and labour which are 
r.·.Jrmall' calculated on 2 )er t1rne unit basis. lor th1s pre­
feasibil1t~, stud) the transport pr1ce is set at G.12 05$/t 
km. assuming that a 40 t Jorr~ can be loaded to full capaci­
ty. Transportation cost of dr) bagasse bales to Omdurman 
amou~t tc 15.36 US£'t. Total del1~ered cost cf dry bagasse . ,-
energ' content ·LHl = 13,510 kJ. kg~ 6the del1,ered cost of 
bagasse bales in Omdurman is l.53 10 US$/kJ .. 

6.8 This figure can be comoared with the price of energy 
from fuel wooo. The avarage fuel wood price in Omd~fman is 36 
US$.t. ur, with aLHI oflb,OCC:k,j,kg~ ~.C):JlCJ - L'~,£KJ. 
v,r11ch is )J '.'o h1gner than the ciel ivered cost,, calculated for 
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bagasse bales. Bagasse bales are therefore expected to com­
pete well with fuel wood. 

6.9 A break-even price for baling and selling the bagasse 
surplus, with reference to the option of incinerating the 
bagasse surplus, is determined as follows. Tile cost cf in­
cinerating the bagasse surplus is 407,375 US$/yr, whereas the 
cost of baling and sellir.g amounts to 20.64 U3$/t x 39,141 
tlyr = 807,870 US$/yr. T~e incremental annual cost are 
400.495 US$/yr. While processing 39,141 t dry bagasse bales 
per year, the option of baling and selling the bagasse su~~ 
plus is to bre3k-even at a price of 10.23 US$/t (0.76 10 
US$/kJ;~ which in view of the price of energy from wood is 
ver} promiss1ng. 

Financial aoorais~l 

6.10 Assuming that Guneid Sugar_~actory is ablz 
the ~ales for 23.91 US$/t (l.77 10 US$/kJ), its 
amount to 935,861 US$/yr. Under the same assumption 
back period of the investment is 0.74 yr, which 
attractive. 

to sell 
revenues 
the pay­
is very 

6.11 Merz and Mclellan (Ref. 23) calculate cost and bene­
fits for the option to produce and sell surplus electricity 
to the grid. For Guneid Sugar Factory they propose to install 
c ~.: r.~~·~ CC""'1~er.s1:18 tLrb111e :Jent=:-o~or set. for o:ieratic:n 1r. 
L~~~ ~L&c. [ost ana ~enef1ts 8re est1m&tec to ne ~.)b~.GOG 
~.-·c ~L-.Ci~r_:.r-·~;[' '._~ \:-. c-r 2~ tr"\~ e ... ~c-ha:1 oe ~c:~P usc-C. :.2~.~.J~:= 

an~ ~.S]~.~~J ~5~ \r resne~t:\E!\. A!thou3~ the net estimated 

r ~ - , • -- ~ - ,..J 
•. L- .... _. - r:.1 '-· 

r:~s~o· is of the op1n1on t..ha~ t..ne baling option ~8~ not ne 
disc~rded lmmediately. Electricit\ export to the ~rid r2-
quires the sol~1ng of severe organ1z1ng problems, liKe the 
co-operation with NEC and the negotiation of tariffs. The 
question whether NEC is able to accept surplus electricity 
from the sug2r factories is not considered by Merz and Mclel­
lan. Contrary to electricity production, baling and selling 
rr baoasse can ~ organized easily. 

Co11c lusi or: 

6.12 8::drnc is a prof.itable aJterna'::ll'e tr 1nc.inerc:;t1or. cf" 

the D~oasse s~rplus. It sho~ld be considered also as an 
altPrnp,t11'f' to inf't<=dlment of condPnsjng turbo-gensrt~ 2n:! 
sale of surplus electricity to the grid. 

6.1? Cugenerat1or, of heat <md power mei> be ar, Jnterestir1g 
opL10r1 ;-or \eget..aLie 011 mills. especially for those plants 
which geerate their own electr1c1ty from diesel fuel. !ts 
econorruc feas1b1l1ty should be 1nvest1g2ted thorougriv. U:--1-
for t uri<-Jt.E~, \ U1f i:11ss10:1' s StB> Jr, SuoJ~-, v;as too short sc «~ 
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to enable the Mission to select and visit oil mills not 
connected to the g~id. 

6.14 Cost of energy supply may be reduced further by 
replacing diesel oil or fuel wood by milling wastes. Many ail 
mills process various sorts of seeds, e.g. cotton seeds, 
sesame seeds and groundnuts. Only groundnut wastes are a 
potential alternative for fuel wood. Therefore, fueling with 
groundnut s~ells should bP. included in the consideration. Due 
to the varying production, groundnut shells are not always 
available. Consequently they cannot entirely replace fuel 
wood. Therefore a multi-fuel boiler (wood/groundnut shells. 
must be applied. lhis is onl~ possible with direct combustion 
furnaces. not with gasifiers. Moreover. the gasification of 
groundnwt snells is not yet techni2ally feasible. For this 
reason the following altern8tives should be evaluated: 

A) Installment of a multi-fuel (wood/groundnut shells) pro­
cess steam boiler/furnace and of a diesel power generator. 

B) Installment of a multi-fuel (wood/groundnut shells) 
boiler/furnace, cogenerating motive power and process 
stea!ll; 

C) Installment of o wood gasifier, cogenerating motive power 
and process steam; 

Special attention should be paJd to the advantage pro\iOed by 
th2 02s21~:l1t\ cf fuelin~ ~rcundnut s~~lls in ~ltPrna~.\EE ~ 

o.r1c 8. 1111s od~dr-1to9e stes1,cs Ut..J'C. ~.c.ist ..1.n .... lterno~l\.e t:. 
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ANNEX l HEATING VALUES 

The following lower heating values are made use of: 

~casia fuel wocd: 

LH~ = 18,000 kJ/kg (wet basis). 

Bagasse: 

LH\ = 17.765 - 5,020 sue - 20,270 m~wb kJ/kg, 

w.;. tt-. sue = sucrose mass fraction : All \clues on wet basis. 

It is assumed that the sucrose mass fraction of bagasse is 
C.025 and that the moisture content is 0.505. 

Molasses: 

There are no heating values ment1o~ed in literature referred 
to in this report. Molasses are a mixture of water, sugars 
(sucrose, glucose, fructose), othe~ carbohydrates, ash, ni­
trogenous compounds, non-nit~ogenous acids, wax, sterols and 
phospholipids. Sugars are the must important compound. At 
average cane sugar molas~es contain 51 % sugars, 20 ~ water 
2~: ~= ~ eskes ~~t ~a~is·. 5as~~ on a\era~ed l~!ues cf the 

•·r:.... 
' ...... ' . -- " 

L'' - c nr> ,, l ~ ·~ c .. '::::.'.' ' 
,.....,,..,., .. , [ ")" = ., - . 

'-, E-
- r 

-- ·• :: \...J-.. ~.~ "<C L'JE' t ~d~ . ~ . r-·.::w:> [' - .~ 

l ~.! 

for the purpose of the present stud) tnese values are give 
with sufficient accuracy. 

Cotton stalks: 

LH\ = 16.000 kJ'ko wet basis . 

~H: = :B.OOG kJ ka wet bDS!S -
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ANNEX 2 SUDANESE IMPROVED COOKSTOVES 

Figure l: Groundnut shell cookstove. 
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Fi ure 3: H:ree Sudanese imrroved stove types. From the left 
to the right: the J~ko, a sawdust stove and two Canun-el-duga. 
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ANNEX 3 BAGASSE BALING AT GUNEID SUGAR FACTORY, AS~UM!~G 22 WORKING­
HOURS PER DAl 

A3 .1 Assuming 22 working-t11,;urs rier day ~instead of 8 
working-hr/day. ~h~pter v1:, the capacities of considered 
incine:ating and baling plants c~ange accordingl~. Costs of 
ir:inerating plan.s are shown in Tab:es A3.l and ~3.2. Alter­
native B, without storage, is now ~lenrl~ l~ss expensiLe than 
alternative A, due to the omittan~e of storage capacit) and 
equipment. Oirect incineration is therefore taken as o refe­
rence to the baling option. Incineration cost a,nounts tc 2. 30 
U5$.'t '.mcwb: O.SO'.. 

A3.2 Costs of bagasse baling, making use of? 14.l t/nr 
baler. are Ie\iewed in Tables A3.3-A3.~. In this case ~he 
cost cf delivering bagasse bales gt Omdurman indL1strial area 
amounts to 20.15 US$/t or i.49 10- US$/kJ (mcwb: 0.20). 

A3.3 The break-even price for b£ling and selling the 
bagasse surplus16 with reference to incineration, is 16.44 
US$/t or 1.22 10 U5$/kJ (mcwb:Q620). In,case of selling the 
surplus for 21.75 US$/t (l.61 10 US$/kJ;, annual revenues 
amount to 851.360 US$/yr. The corresponding pay-back period 
is 0.68 ~r. 

' ........ ..... 
..1.- ............. ' - • 

Systm E 

Lifetlire lnvestnmt kn..aliz~ Lifetlire Invest:nmt Prruahzed* 
;yr,· coot (US$: cost (US$/yr) (yr. cost (US$) cost (LJS$•)T, 

i:-cJ.~ra!:'Jr- "1t; 715.TI' 79. l[( 'JC, 

X.!XlJ 
.. 

St.oraC)C' 3C n.m:. 31.82-fT: area 
lQ Ls.ii/::- L 

0 

l &.illct:lle:::- 10 5C,:XU 8,137 
l T:-a:tc~ •·~:tr tra.:..lers lC 21.:JS:; ? f ?"' _,., ... _ti 

Tr,; I\/ l.CL~ .. CS~' 1"'"' ·c-
lvr.""\... ... _,'-\J, 93.~ 

------------,-----------·--------· 
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Table A3.2 Annual costs of a bagasse incinerating plant (Ca­
pacity: 14.l t bagasse per hr) at Suneid Sugar 
Factory. 

Cost item 

Annualized capital cc~t 

Annual operating cost• 
- manpower: 

9 man year (unskilled)•• 
- ~a1n:e~ace and repa1r 

\5 % of investment per yr' 

TOTAL 

Annual cost (US$/yr: 

1,644 
44. 770 

145,054 

-------------------------------------------------------------
Cost per t bagasse (US$/t) 2.30 

-------------------------------------------------------------
*: Feeding system power consumption excluded (Own genera­

tion j. 
••: Unskilled-labour cost: 0.9 US$/day, 203 day/yr. 

,-.~ : r . .:. ? • ~:, : rn. est:r1'?nt 2"'C: 2~""1U8 l l ZflC: CCS t S C' :- C:- t"~!C2S~e 

baJ1n2 plant et Gune1~ s~aar FactG~·. ~8P2Clt\: 

• <. 

Baler 

, . 
..!.- ....... 

Building2 13,730 m s2orage 
:a 10 US$/m ~ 

l :Ld ldczer 
~ra2tcr w1 tr 3 

T[:l .;L 

ar-ea 

trailers 

··.::...::..:--c .-.~s:.~.:..---· 

, 'r cost L:Si 

10 84,600 8,318 
30 220,000 23,337 
30 137,300 14' 565 

1 ,, 
• c, 50,000 8.1'7 
lO 21.050 3. 426 

512,950 )1,723 

-------------------------------------------------------------
•: Linder the 2ssumpt1on of a f:xed discount rate of 10 ~o, y·. 
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Table A3.4 Annual costs of a bagasse baling plant \Capacity: 
14.l t bagasse per hr~ at Gu"eid Sugar Factor~. 

Cost item Annual cost (US$;yr' 

Annu3lized capital cost 

Annual operating cost* 
- baling wire 
- labour:*• 

skilled (12 man yr; 
unskilled (6 man yr· 

- ma1ntenace and repair 
:5 ~of investment per )r. 

- diesel fuel*** 

TOTAL 

Cost per t bagasse baled (US$/t, mcwb 0.50) 
Cost per t bagasse baled (US$/t, mcwb 0.20) 

5/,783 

94,695 

4.386 
l • CJO'; 

25 .6.:+5 

3,756 

187,363 

2.97 
4.79 

...... Electric power consumption excluded (Own generation 
Skilled-labour cost: 1.8 US$;day. 203 da~r'yr . 
Unskilled-labour cost: C.9 US$ da~. 203 da' ·,r. 

• 1CC 
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ANNEX 4 LIST OF VISITS 

ERC: 

Mr. Shomo Sha'a Eldin Ali, 
Assistent Coordinator, Special Energ) Programme. 

Mr. Gaafar El Faki Ali, 
Assistent Coordin2~or SREP. 

Mr. dr. El Tayeb Idris Eisa. 
Coord1nator SEP, Director ERC. 

Mr. dr. Ahmed Hassan M. Hood, 
Researcher Ren~wable Energ' Research Institute. 

Mr. dr. El Sheik[. M. Magzoub, 
Project Leader Fuel. Wood Combustion, Sudan Renewable Energy 
Project. 

Mr. D.S. Peterson, 
Georgia Institute of Technology, ChiPr of Party Sudan Renew­
able Energy Project. 

Hr. ar. M.O. Sid-Ahmed, 
J1re2tcr Eene~a~le Enerc' Research :nst:..t~tE. 

r·ir. ..:: . B. Ball, 
Project Manager, Fvelwood Development for Energy in Sudan 
(GCP/SU0/033/NET). 

Mr. A. Padden. 
Eio~2ss Energ' Section 
Institute. Culham. o,on. 

'rop1c2l De\elopment Research 
United V1ngdo~, F~elwooc De,elc~-

me~t for [nerg' in Suda~ ·~:P.·SUD 033 \E' . 

~r. ~. 9reuning, 
Coordinator :u\so:suD/83'X04 

~.r~~:or General \~~-

Mr. Manmoud R. El Hake_m. 
Co:,\ e<it:..orial Er.erg~ Uepl. 

H~. H1r He,dar1. 

• r ""-- ,.., . 

\[~ SenJor 4dlJScr Energ~ ~lann1ng and Management Project. 
i_:-1f•;•J_. l.J~·\ E-.l upme•.t ir;ternc;t io:-1ci. 



Mr. D.W. Pluth, 
Chief of Party Energy Planning and Management Project ~EA, 

Energy/Development International. 

Industry: 

Mr. Ahmed Mohamed Al-Fadl, 
Owner and General Manager of Al-Fadl Oil Industries. P.C.Box 
781 Omdurman. 

Guneid Sugar Factory. 

IJ\IDO ! Khartourr •· 

Mr. F .M. Iqbal, 
Director U\100 Dept. Khartoum. 

l'-lr. P. Versteeg, 

Others: 

Mr . M . 't off e , 
Senior ~dviser Product Design and Marketing UNDP/ILO, c/o 
UNDP Khartoum. 

37 



REFERENCES 

1. Improved biomass cooking stove for household use, 
Products Research Division, Royal Forest Department, 
Of Agriculture and Coaperati~es, published by the 
Energy Administration, Bangkok, 1984. 

Forest 
Ministry 
Naticnal 

2. Coal from cotton stalks as a domestic fuel. Biomass Technolo­
gy Group (Twente Univesity of Technology, The ~etherlands), 
under preparation for UNIDO, Vienna. 

3. Bussman. P. (ed.~. Field s~udies: Woodburning cookstoves, 
Universit' cf Technolog\ Eindhoven '.The ~etherlands • Eindho­
ven, 1984. 

4. Deutsches Gesellschaft fuer Technische Zusammenarbeit (GTZ) 
GMBH, Utilization of biomass. Phase I: Literature survey and 
project proposals, SEP Ref. PN 79.2066.3, Khartoum, 1985. 

5. Deutsches Gesellschaft fuer Technische Zusammenarbeit (GTZ) 
GMBH, Utilization of biomass. Phase II: Results of field 
study with detailed project proposals, SEP Ref. PN 79.2066.3, 
Khartoum, 1985. 

6. F\.>J.'.lP 1 Geise:ihe1m. F .P..G.:, Gasi "ic2ti::in of Aoricultura~ P.esi-
' - :_ - ..... '.';.. 

c;oe:~ar L.l '."~Ji<.J. ..... l-.:. 1-;:..,iff. r "-~ :e:11~ .... 1 [~ Ji.Jgc.: ::;.~:-c·~r:C 

~h2r~c~~ ~:c~es ~er :~e s~t2~. ~~= SP~~ . :~s:. 

, . ~ecrc.~c 

~roject, Tnird Annual Report to US~ID, 1985. 

9. A.H.M. Hood, Energ) ~ram non-wood~ biomass in the Sudan, NCR, 
Khartoum :!.984. 

10. Intermediate Technology Consultants, 
lit> study: Groundnut shell suppl), 
as ~uE·~, ~ondo;-i. l984 .. 

Fuel briquette feasibi­
briquette acceptab1lit' 

11. Kamal Mohamed Osman Satti and Jon Marlowe Dorr~: Charcosl 
Con\'ers1on Eff1cienc' in Sudan's Traditional Earth-Covered 
~;1Jn. SRC:? Report no. 10. ~:t"rnrtour.,, 198). 

12. Herz and 
clectri:::ih 

Feas1bil1ty studv on feeding nat1cnal 
~ith eYcess power from existing sugar 

factnr~Ps, ~in1str\ c~ Fina~ce and Eccnom1c Planninq. V~ar­

t 0 U'.' • 1 Si(; j • 

~3. 'earboeik of agricultural stet1st1cs 1974, M1nistr) of ~gri­
cGlture. rand and ~ati~al Resources. Khartoum 1974. 

l I· ... 

' ( 1 .J. 

Yearbook of agricultural statistics 1977. Min1str) of 
culture. rood and \at1nal ResourcPs, Khartoum 1977. 

'1e2.rbnok of agr1CL;ltur21 f!.c:1tJ,,tiCS :98~. r1Jr:1Slf\ ';' 

culture. Food and ~at1onal Resources, Khartoum 1984. 

38 

~OI'l-

• 



f 

16. Current agricultural statistics 1984, Ministry of Agricul­
ture, Food and Natinal Resources, Khartoum 1984. 

17. Sudan national energy assessment, forestry and wood fuel 
resources, NEA, Forests Administration, Khartoum, 1983. 

18. Sudan t\oational Energy Assessment, Exe.cutive Summary, Ministry 
of Energ~ and Mining, ~EA, Khartoum, 1985. 

19. Base Year Energy Supply/Demand Balances • ,d Demand Projection 
Methodologv, Annex l. Ministry of Energy and Mining. NEA, 
r\hartoum. 1985. 

20. ~ational Energy Plan Committee, The ~ational Energy Plan 1985 
- 2000, Ministr~ of ~nerg} and Mining, i\EA. Khartourr:, 1985. 

21. NEA Ener~: News, Vol. 2, no. 2, Ministry of Energy and Mi­
ning, NEA. Khartoum, 1985. 

22. Pa+:·~c,..;, J.M., By-products of the cane sugar industry, 
Arr.~:erdam, 1982. 

23. Schmitt, K. and Siemers, W., Energy from Agricultural Resi­
dues and Energ~ Utilization in Small Scale Industries in the 
Sudan, Un1vers1t\ of Goettingen 'F.R.G .. Goettingen. 1985. 

·~ 
__ ,. 

h~·'-J~.c·•-,-=-·~[' Cr..r"\S.;i•C':_ ~~n. ~·_:;"'":1::.'::"" Cc :ne;c, arid r.11n1nc. \~.:... 

r~~1c..-t.c·Lli:., ~7E:. 

SudEi~t: l ss-1.Jes ona 0~1t.ic1;)~ in trle [11crg~~ Sector, U\JF, \~Ju r.,;, d 
Bank Report no. 4511-Su. ~ashi~gton. ~983. 

26. Zorge, A., De~onstration Programme on Use of Indigenous Bio­
mass Resources for Meeting Energy Needs, UNIDO ~ef. 
RP:RAF/85/627, ~ienna, 1985. 

fin-;-dl r-'.o'Ja'l":'."S [1s~:ar· Sat t1. T'le pr::id:J'._ t 1cr cf f11~·l-blc"c:ks frcr:· 
beoasse. Fo~Ps!.s Deo~. 'F~D. Knartoum. 1~56. 

2b. J\SO!~E~. Fuel briquette production anc promotion of improved 

39 




